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Killing of human leukaemia/lymphoma B cells by activated cytotoxic 
T lymphocytes in the presence of a bispecific i 
monoclonal antibody («qD3/aCDJ9) 
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SUMMARY '•'* -J-*-' 



Hi* *' V i * * , • / . 



Bispecific antibodies (BsAb) can be used to retarget T cells irrespective of their specificity to certain 
target cells inducing target cell lys^^ the efficacy of the BsAb SHR-^ | 

.the T cell antigen CD3 and the B cell antigen CD 1 9 to induce (malignant) B cell 'kill by f Wis % * y -"' : ^ w : ^ -J 




^nuclear -cells i(PBMC)^f normal^ 2*wwksorsumulation T Acpnwn 

? -A' ng/ml of the BsAh.>vas sufficient to obtain optimal lysis of all target cells tested. Thc^^sultsJs^^ * : 



that fresh human leukaemia/lymphoma cells, freshly derived from active lymphoblastic leukaemia 
! (ALL) as well as non-Hodgkin*s lymphoma (NHL) palicnls, can be Effectively killed jn the .m^nce^I^^. - [Ku ^m^ 
: of this BsAb by.-aciiva^T^ls;^ ' v . : 0->;v'-; ■ s'-.'. ^: r ";' " ^" r' f-;:;; -.; -..Vt.:.; i.^oii^'lf ^^r ; • "■ : .:, ' 1 Wv' " 

.Keywords 



iywords malignant B |ccj^; t bisprcifi activaic^Tcclls ^cylptoxiciiy^^ : ■ <gr 



INTRODUCTION 



remissions. A complete but transient remission has been 
achieved in a B-lymphoma patient using humanized CAM- 
, PATH- 1 H (10). No , durable^ complete remission' has been 

obtained so far, C»ther biological response jiiodifie^^^^ 
, therapy! e& \ L-2: to obtain « ll A K cells pr^cti iratipn ^ of natural! 
killer (NK) alnd'T cells in vivo, also Have metavariable results/ 

A novel approach T involves- the use of MdAbs' with a dual 



In a targe portion of non-Hodgkin's lymphoma (NHL) and 
f. acute ^lymphoblastic leukaemia ( AL t), - • both haemalologic , 

-malignancies; the malignant cell belongs to the B cell iirieagc. 

Although these cases respond toVcHemotherapy 

relapse often occurs, ' even after intensive chenn^radiotherapy ., 
> and autologous bone marrow transpJantaUon [1]. Ne\y; ihcra- , 

• peulic approaches are being. investigatcd.vof which ■ imriiun6 1 -( , . ^^.sv''^ ;..'..,^-'..^ .* v. 1 .-ir' % m k( ^ \4 : rv- ; 
ih^isaiiromi^ 

iuniour ^eils! may W used, -utilizing a«i ^nsic^flfcetor 

mechanism ft* toxins) or host efftodr mech^ms; ^hiigob^ feAbd,^ 
ci^hdent^llularcviotoxidtvrAbGtr 

the target cell via the second arm of \M BsAb recognizing an; >r ; | 
antigen on the surface of (Hciumour cell [15-I9). ; ln this system ^ 
BsAb activate and rc^r^ttL tc' lys^^lecfed' tar^t!cdis^' ; V c * 
irrespective b£ ^thcir intrinsic antigenic reactivity. Results sbYajr v * ;^ 
< obtained in vitro [20-23] and in locoregional application in rirq ■ \ 
of solid tumours arc promising [24 26]? It .may, be ekpectro tha^ 1 ';^:: 
haemalolpgic malignancies would be better targets than solid.;"' V' 
tumours 'for , immunotherapy due to ' their better accessibility -V ' J 

Moreover/ with chemotherapy a state of minimal residual 
disease can often be obtained, in which immunotherapy may be 
more efTective. 



'dent cellular cytotoxicity [2-4J. ■ . ■_%) '.^ ;< 
■ Immunotoxins, however, may suffer from serious aspicific, 
'.(cytotoxicity; AIXTC against lymphoma cells, is: not :easily 
demonstrated in r/7ro v and results obtained m vivo wjth^ahti- 

/ bodies such as iC.6\9 [5,6); OCD20} [7] an^ald |«l9] >ihUsl ; 

• encouraging, are presently limited^ showing only; transient 

i' elimination of malignant B cells, and partial or short term 

.; Correspondence: I. A. Haagen, Department of Clinical Immuno- 
logy, University Hospital Utrecht. Postbox 85500, 3508 GA Utrecht, 
The Netherlands. 
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Bispecific antihody-mediated killing of human CD 19^ tumour B cells 
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In this study wc have tested the efficacy of a BsAb against the 
CD3 and CD 1 9 antigens to retarget CTLs as effectors towards 
human B cells. Three. B cell lines, which together represent 
'"different stages of lymphoid differentiation, as well as fresh 
leukaemic/lymphonia cells were used as , targets. Twb.;CTL 
clbnes and activated peripheral blood mononuclear > cells 
(PBtylQ were used as effector :<xlls.;*In ; vall cases a specific 
cytotoxicity was found only when the BsAb. SHR-I, was 
present. 

:'vA v .^/'MATERIALS AND M.ETHOipS ' : ^ ^ / 

Parental hybrhhma veils ; - ...^ -*.*.'* . i * ^ ^* * * v 
YTH 12:5 is a rat IgG2b MoAb. The antibody has specificity for 
the human CD3 antigen [28] and was included with the CD3 
panel in' the Third 1 and Fourth ; International Workshop on 
Human,Leukoeytc piffercntiation Antigens [29,30]. MG I CD 1 9 
is.a mouse IgGI *MoAbJhaving t a specificity for the human 
/\CDI9i>l]:^ .' ; \V; '.^ V '[ if y ■ 

Hybrid hybruhma 
vv ( SH,RT^ isi:a.Tusioii product between . the YTH 1 2 and , the. 

MG I GDI 9 cell lines. Cell fusion and ahti body purification arc 
; t . dcscribcdcejsewherc [28,3 1 1, Briefly, one parental cell line had : - 
^^bcen^i^lcctcd?.for rcsistaricc £ to the drug, 6?thiogua nine. and f 
^ . schsiliyi if, to cbun tc'f selection]., by-, the drug combination : of < 
' ; hyppxanthjnc; amtnoptcrin and thymidine^ HAT). This cell line, 
jvwas-fuscd vsing^^l^thytenc: glycol treatment with tKc second ^ 
. ^cell* fine prctrcatcd ,witH - a supra lethal dose of iiodpa^tamidc. T ^ 
. t'Hybri^-.hybridoma cells were selected ,for in medium i siipple : 
men led with HAT. Supernatants from growing cultures were 
screened fpr the different immunoglobulin isoiypes in E LISA or 
\ eryihrdcyic-linkcd assays. Specificity for cell, surface antigens 

( C D3 a nd ;C D. I 9 ). was assessed by indi reel imm unofl uorcsccncc 5 
., assays^Hybrids, from positive cultures. were rcclohcd twice. The 
selected clone SHR-I. 6' secreted BsAb with the, first specificity 
for the Kliman CD3 #:-chain and a second specificity *for the 
human CD 19. The antibody was purified by ion exchange 
chromatography and purified fractions were analysed by gel 
electrophoresis as well as isoelectric focusing. Pure bifunctiqnal 
BsAb as determined by various biochemical methods [31] was 
^usc^iri this study;*^ -v \ ■" - : '' K *i * ^ : ' 
" '% SHL45.6V 4 was' produced ; by fusing the hybridolma 1 cell : * 
YTH12.5 (ratIgG2b-aCd3) with a mouse 1hyelbma'j^li:i|nc' 
(J558LX which only produces a mouse- lambda light chain [31] 



Target cell lines were all maintained in RPMI 1640 with 10 
m.\i HEPES (Gibto. Grand Island. NY). 2 mw glutaminc. 100 
U ml penicillin. 100 fig m) .streptomycin (Gibto): hereafter 
r referred to as complete medium, supplemented >;ith !^; , ..Tctal j 
: calf serum. (FCS: Gift of. . r . . . , 

The tumour cell lines were regularly tcstcii lor mycoplasma. 1 



' Isolation of tym^^ "' '"■ 

v ] Preparation of PBMC from the peripheral Mood t PEL / and 
, the bone marrow w flA//. He pari ni/cd cell samples were obtained 
from healthy individuals (PBL) or from paucnts with-NHL^or 
/ ALL (PEjL/BM). Mononuclear cells were isolated on Ficojl- 
'£ Paquc. if ^fia^ wi ; rc stored in 

. K liquid nitrogen until use! ; "^*"^\ ' ^. * : .* 
fi Preparation «Al'i»^A* v 'i^/ susjjensians from Jymfoit€>deii, 
£ Pieces of lymphhode u wci^. Par|s!of 
. ;{ the biopsies were; tram RPMI 1640 medium 

1 Q containing penicillin and sircptornycin. A single cell suspension 1 
^ was obtained b> mcchaniol disaggrega Hon using scalpels and 
incubated in MEM (Gibco) containing 15 U ml collagenase 
(Sigma. Si Louis. MO) for I h at 37 C. while gently kept in 
^moveme^^ft^r incubation, the frcvfcclls were wash'^ twice 
v with. RPMIJ^ containing *j0" .. ' FCS' and sVored in liquid 
hiirogen^iabilitv^icsted bv iryj^aWHlue exclusion; was *> 90;vi;' 




^wcr^^i^d^ 
r complcle.h^ediun^ plus i'0"« r FCSfin 25 tm : cuiiure flasks(NuncT ; 
' Roskilde. Denmark ): vvheri the viability of the niatcri 
Med ( ^WJnJ/the following morning celts were used as targets; irt ^ 



•v ihs c\H6toxicitv ; 'ass^vT t 




■. was ^ produced' frbm. a JraUnipiise hybridoma Jcell line (i el is V 
similapnlhfs res^t>p^HR-l) and it has betn grown, purified 
, and;3tor&m^ to the bispecific CD37CP19. r 

To^efivtisy/i]^^ 'r - / / ' ";V*/\V 

Cytotoxicity was idelermined against a variety of (tumour) cells, 
/includi^ lines, as well ' 

as frcsh.tum ; : 

]J* THrefe Cl> V hufraillines were iiscd: : Nafm]-6Va' jp[re>B^-AL'L: 
APp, an t Epstein-Ba'rr virus (EBVKB tfansfonned cell line 
[32,33] and CRLI484<HS-Sultan), a plasmacytoma cell line 
(ATCC, Rockville, MD). One CDI9* cell line was used, the 
RPMI 8226 (CCLI55), a human myeloma cell line (ATCC). 



Two alldreactive cytotdxic Tcelicloncs. CAKI l^pl I (TCRxj*) 
and AK4 (TCR/<>) were used. Their generation. Stimulation and 
culture maintenance have been described elsewhere (32.33). 

, Briefly.' cells were cultured using RPMI 1640 supplemented 
with lO'^^ non-hcat-inaciiN^atcd pooled. human A B scrum. 2 m\i . 
glutaminc, i ;/gfmI indomcthaan (Sigma). I //g mMcucoaggluti- 
nin ( Pharmacia )^na>'|^icilR^l5t^tom>'dn: ' -\ ] * %\ ^ ' 
Expansion' o) | ; r«^/iATlrcy/5; , One thousand cells well were . 
seeded iri 96-wcll round->>ottomed microtiire plates ( N unc) with . 
; A'iHt-\^^l^.^^l^^ PBL^jt&ef celis^mi ^ 

: (APpi^;A);^ls^'; 
well. After.5 days four w^IIsav^i^ :t 
lit cells .was ;nrasuie^':,ir^^k aher^timulalion cells Avcre used ; inl ; 
; ahe cy totpxia iy assax.^^^ biloe :> 

^ a week: ^c pkcnoU^ even,^ 3 j weeks, '* "f *' 

Peripherakbtiwti-ileritvd effector uM\ \i * .vV^ ? ; . , ; 

• , PBM GJ. .f r.pm ; jhcql t h\;vd^nprs ; were . isolated as v deseri bed and* : 
- incubated at 1^.1^ 

? in P Plvil ! 640 ^ comptete medium £vith 5 " v . Y£$ :t v Aiming u> 
■ genera tc efficient cy totb.xjic effector cells . [20. 34); eel Is t Avere. 
activated using cither ' I ;^ ht^ 

HAI6, Wellcome Diagnostics. t>artford, UK) plus 2*5 0 ml IL- 
2(EuroCetus BV. Amsterdam. The Netherlands), or with 10 ng 
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mi WT32 («CD3-mlgG2a MoAb. kindly provided by Dr W. 
Tax, Nijmegen. The Netherlands) plus 25 U/ml IL-2. or with 10 
ng/rril SHL45.6 plus 25 U/ml IL-2. Three days after the culture 
had been started cells were counted, viability was determined 
and if necessary diluted to05><l(^ cells/mousing fresh complete 
medium plus 5% FCS supplemented with I DO UV# IL-2.lThis 
was repeated every 2 or 3 days. * y. ' ; , y < " ^ 

Surf:ice-phenotypc of the cells was determined at day 0 and 
repeated when cells were used in a cytotoxicity assay which was 
once a week for 3 consecutive weeks. Activated recovered 
lymphocytes were used as. effector ^^^.^^i 1 ^^ 
cytptbxicity assay against ^ the;CPI9^; cell, line and malignant B 



cells. 



,vj Surface /antigens on;CTJLs, fra^^solatea'j c^ ; 
A'^.^cffrttor^ce'lls-.'and patjentWte^ 

* v PiJ fluorescence staining. Characten^tibn of . patieVu ^jnatcrial . 
(PBL, BM lymph node) was done on cryoprcscrved cells.' 
MoAbs used were: CD3-FITC/DR-PE (Leu-4/HLA-DR, 
^ ^ «ec:ton Dickinson, Mountainyjew^^ 

( Lcu-3a/Leu-2a, Bccton Dickinson), anti-human TCRyo^FITC 



:i .;and JCRa/f- FITG ( Becton picMns.6ri); ; CD 1 M Leu- 1 .1 a-.pIXC. 
^L--Becton Dickinson; or^ 




# \?ci&njugated;goat anti r mouse (G AM ) subclass specific a nti bod ics. 
:iagainst.IgGi and Igb^were"^ 

logy' Associates Inc., Binnihgham^ AL)yor GAM-lgM+'igG- 
yFITC (Tago, Burlingame, ]CA)^- y , v * v 
- For cell-staining, 0-5x10^^ ccMsywcrc' 
incubated with the relevant MoAbs, If riVn-conjugated ^antir 
bodies were uied (the CLB-CDI?* CtB^FcR granl), a second, 
incubation step was introduced with a}G£M-FITC One 1 - and 
two-colour immunofluorescence stained cells were analysed 
using a FACScan (Becton Dickinson). 



' ^Gyioioxicity was measured - in ;, a starida^ * 

" . assay in a U-boUomed 96-well plate .usiftg^mplete mediu 
: ' plus 10%'FCS. Briefly, varying nuniterso^ 100 
^ /(l;were. mixed with 50,^i|of,diluteoy^ 



r %/patieht^ 

* fi ?M miri it ioOjp and incubaieoVi^ Plates^ 
: were again ' centrifuged for.4 mir& to !sp:.ii ' ■; down'; the'icellfcand a 
assayed for rcIcased i5, Cr bycoliecting 100 /d supcrnamnt and ; 
y, determined in a ^gammacounter ; (MinaxL ^ Auto-gamma 
Counter. Packard Instrument C6.^ MeriSen; CT); 
■^'^'^Maximuih 'release' was me^sur^ : * 
'L "cells in I % Jritoh-XlOO and spontaneous jrej^ ; 
: : i mined by incubating the cells in ^ medium alone: Tests Iwerc 
; 'carried out in triplicate determinations. } The percentage of 
sj?ecific ^Cr-release was determined as: % 'srjecific release = (ex- 
peri menial release — spontaneous release )/( total release - spon- * 
taneous release) x 100. 



RESULTS 

SHR- 1 -dependent lysis mediated by CTL clones on different 
target veil fines:; specificity and concentration of bispecific 
antibody : '* '•" '■* _ _ v ,'{ A > 

Two CTL clones: CAKH-DIi ( T CRa0) and AK4 (TCRy$K 
were used to determine the optimal concentraUori for ; the 
induction of cytotoxicity. As shown in Fig. 1, titration of SHR-l 
bispecific MoAb in an efTectbr cell targeting cytotoxicity assay' 
shows the killing of the CD 19* target cells of the B pell lineage 
with the SHR-l titrated in a range of 10 pg/ml to 1 jug/thl No 
lysis was- induced by the CTL albhe. Induciion of lysis was 
o^rved at I rig/mi and higher. Lysis was dose^epaident and 1 

i reache^'a plateau at about 100 ng/mL used in further studies. .y- 
l ' The SHR-l efficiently promoted ^rget cdl lysis by CTL 
clones at the E:T ratios of 27 : 1 ; similar t resd 
with an E:T ratio of 9: 1 (data not shown);, APD (EBV-LCL) , 

" ' was' most sensitive 

v target icelf in this assay.^When thc CTl^-were incubated with 
: CD 19 MoAb, MG I CD 1 9 or J CL^Cbi9; or a( CD3-fc!oAb^ ? 
YTHI2.5 or SHL45.6, up to I /Jg/mK or a mixture of CD3 and 
CD 19 MoAbs. essentially no induction of cytotoxicity was seen 

}-;<Fig^l)^ ^ 

^Mikiiiiiwhfity^ 
•inc^trasito V t[>l9^^ 
, were r^t'killc^ih the prcs^ 
^ ^WhcmCDI9^^iar^ 7 (R 
' : i targets UAPPj^jh a ; m YaVibirid^ad^ ^'S^^ 
'< 'enlictbr^lls^ofilv theCD 1 9 ^wcreikillc^;^^ suj^fea;^; 




^o^ 100^1000: o ; :0-oi^q ; i'yc( L - ;'rp; MOO \tXK>}<- 

■ .~v . ■ '-."> . ' - .lriit>ody : cbncenirdton i^f^)' - / 
Fig. iVCTL-mediated kiUing of three taf&ftccll lines! induced; by the'; 
r bispecific, antibody < BsAb) SHR; I The tests ; .were ^rfprmed in the , 
- absence of antibody, in the presence of din^ereni con^fttraiidns A p^ *' 
I ( + ^pqrental CD3XO) or parental CD! 9 (^) avtwo:^ 
and 9: 1 Only* the results of experiments usVng the' E : t ratio 27 : l^arey: 
shown. Eftector CTL clones used are: TCR3t/?-DU and TCRy*=AK4; 
The following target cells were used: pre-B cell line, Nalm^6 (a); EBV-B ^ 
line. APD (b) and a plasmacytoma line. CRLI484 (c). Cytotoxic activity 
was measured in a 3*5 r 5I Cr-relcasc assay. 



Bispecific antibody-mediated killing of human CD19 + tumour B cells 

Table 1. No killing of bystander cells '0°r 
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Target 
labelled':', 


Cold 


No MoAb 


SHR-t 




27; I* 


- 9:1 / 


27:1 * /■ 


9:1 


RPMI8226 - 


RPM18226 


:6t' ...» 


. 1 


5 <\ 


5 


RPM18226 


APD 


• 12 ■ 


V\2 




9 


APD 


APD 


,*3.'- 


3 


. 56 :■. 


39 


APD 


J RPMI8226 


5 ; 


1 : 


• :■' 


43 




.:^:i;epi9^'RPMJ8226 cells were mixed with CD19+* APD cells. . - . - 
f ' . i E:T ratio isgiven for labelled targets. & ' ^ \ t * ^ ' ' : ; : ^ \ , 
\. - * Effector to labelled target ratio.^-, /^^:^*/;^"' } , . 
tfer cent specific 5, Cr-release.. -;■ ' V£.V ; ? ; >- : *V"'- :: V';i i-v 

**. _"l . V ? .U X ^: - < . , :\ ',/r\' f ;i.^! : ; b.^V Ii: V^? '.»/'■' 

.* • a * • ' ; .v ■ ' *• ■•■ ' ' ; .; ; : 7 #? - 

Table 2. SHR- 1 -dependent cytolytic activity of CTL-clones against 
malignant B cells 

CTL-clones' 



5 6 7 8 9 O tl 12 13 14 15 I 
Ooys of culture. y, 



19^20 21 



■•' Figlr 2. Expansion 'bf^pe'riphefar blood ; mononuclear* cells (IJBMQ 
•.cultured ifor ..weeks in the* presence,; of ^stimulating, agents, i.e/ . 
; s : phytohaemagglutinin (PHA)+IL-2 (+ : K'Vi^32^pitJL-2 (A) or 
SHL45.6-,CD3*IL-r2 <0) as indicated in Materials and Methods. CeHs 
V werecounted and multiplication factor was determined.. Data represent ;. : 
>V the total cell number^assuming that all cells were maintained in culture. r ; 



- ■ii<hxr^- K ^^l >TCRa/? : D 1 1 ' : - '^TCRytf : AK4 ; 



< '^Table^ Phenotypic analysis of activated peripheral blood jnpnonuclear 
-'■^ " * V " cells(PBMC) V > V ' ;\' 



Monoclonal antibodies" ; 



Lpiagnosis ^>;£purce ^$HR-^•• ; ^ 



NHL 



ALL, 



, PBL . 

:'■ ■ LN ' 

i'.Pericard.' 

V PBL . 

BM 



"i^Week 6f ^ : — ^ — ! t '^ - : — ' .V* 

^stm^ulatioiVf GD3 -CD^DR CD4 ,^PH0 JS^^^^^ 9 ^ 



33 



^3 • 5 : - . 6 
29 50 42 
3 , 0*2 . NQ ; 



^-2 

. -:3 



63^. 0 

, .85' '. 1.9 

9(5 * ^ /30 

98 49 



. ; ;45;;. .;33;;;^;2 v . : .. ..■ 8 
•42;iV. 31;,; : v ;'"' ^ '* 
Ati ' l i&y '^l i - ' [ .2 
25 75, 1 . I 



'.2 
1 



■+ - -^ 48- -t- -39 - ■ 45-; 42 C-. 
- '' V--4--" '•• ;^^5;/ : '*'-nl^ '"'''0 

+ . * -''\ V25 ■ ' ' v : ; ' j7 ': 4b : 28 /' 

^ "9 '/*"■" ' i '" : 8': ;, .':2. :r " 

+ ? 33"' '31'; * ; 36^ 31 ; 



* SHR-I (100 ng/ml) induced killing of tumojr-cell-largets by the 

* two CTL clones tested at E:T ratios (t)_pf 27: 1 and 9: J. Targets: 3 x 10 3 

cells/well, " ..- ] ? -vV v ..->.* - 

■ •; J Results expressed as percentage specific ,^Cr-reiease , in ; a>5. h^ 
assay. ND, not determined. ' ' u ;t J i ' ^ 

PB L, Peripheral, blood lymphocytes: . LN ; (ymphn ode': , BM, bone 
marrow; NHL, non-Hodgkin's lympripma': ALL^acute lym 
leukaemia i'-' ■ " >. * ■ ■;■ ' * ■ ?; ; ' * ; V* ' ; ■ f,-' ■ -*• * * % ' ' 

■ r . f -*"'-*' /?, r 3 ' ,,s - v'^-'; " ' • . ■ :»■' - ^V. A/'^Viir'vW^''--!^ 

* cytolytic activity towards GDI9i cells: and^ tfo" bystianderl lysis 
" ; ofCpl^^lls^. -\. i.. r.y,\/^[/ ! *^ 

- . CTL ; clones mediated BsAb-depw^ 

. leukaemiallymplwma B cells i a ''' * C^r, ' ; '" ; > .; ' : l '*;'• V ;r^: 
. To test a possible clinical application, fresh isolated lyrriphonia/ 
^ leukaemia BV cells Were then. :used as j target^ <«lls -^n^'thc 
c'.^toioxidty][a^y (Table 2). The. eel Is from N H U 1 or'. ] A LI* 
'r patients-were isolated from the lymphnod^s (thr^ : : samples)i 
pericardial 'fluid (PF; one sample) dhd PBL (two* samples), br 
PBL (two samples) and BM (one sample) respectively/The total 
post-purification/Ficoll fractions were labelled with chromium 
and used as target cells. The percentage of CD 1 9 + cells in the cell 



;> • Fl uorescence-acti vated cell sorter analysis of activated-PBMC (daia 
^represent: five doriorsj during a 3-week culture ^ period.: PBMC;werc 
^cultured in -the prcsenceof PHA + IL-2 of. a ; C D3 M pAb + 1 L-2 as, 
^described in Materials and Methods." . . ' .. '~ .... . 

• * Percentage of positive eel's determined by gated lymphocytes. 



. / preparations shown in Table 2 w^ . 
C of malignant lymphoma or leukaemia' B cells were susceptible in y 
this type of cytotoxicity: The spoptaneous-irele^ ,; 
1 tumour cells never exceeded 15-20%, of the maximum, released . 

Some quantitative difierences in killing efficiency ^o|lhe;targeled 
^CTLs c were%und."' ,; " ' ) tv ^S^VV 



■I 

Growth] kinetics: 1 



from five;'^Uhyv5lprtors..w'€re . 




^• around day 4- Tigure 2*sho'ws the growih curve of ^PBMC Trom 



^: -one represehtative donor. Although the iniiiar pemntage^may^^ , 
^differ; phenotypic ^analysis during the culture ; t ||?i^j?{\%^ i% ; 
fii that a' population of cells and Che sut^^^^J; 

i5rCD*8^ceiis increased URtd 95-&% ^ 

As shown in; Table 3, the CD\6\ and CD19* p^Ulauon|^„ 
gradually disappeared during the time 1 of- culturihg. t?a|a v 
obtained for the three different activation protocols described ' 
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clones, also here the APD, EBV-LCL. was most susceptible to 
killing. Against all targets some spontaneous activity was 
apparent. On the other hand SHR-I -mediated cytotoxicity by 
PBMC gradually increased during this culture period, resulting 
in a much higher level of cytotoxicity in all cases compared with 
the spontaneous cytotoxic activity. Although CD.I6 4 cells may - 
• partly explain the spontaneous activity, this .phenomenon isV 
. v found also after a pcrccritual decrease of these cells during v 
culture. . 4 , V* •'*->: 

Induction of cytolysis was slightly hitrhcr upon activation , 
> - .with acCD3 as compared with PHA, > No difference^ 
I a between activation with: WT32 or SHL45.6: ; ; ,^ I i ( J • 
.1 Q]:;- r in viitoMciwaietf PB^ 

^ >a ''^JcMkaVmialhinphdma B cells.' In view of possible therapeutic use' 
; ;i v /ofvlhe BsAb,fwe tested the lytic, potential^ activated T cells ^ 
; towards fresh tumour cells. Malignant B eel Is, >i.e.- lymphoma^ \% 
Cecils ^isolated -from the PF of a NHL-patient and rBM^eljV^ 
, suspension of an ALL* patient, already used as targets for the 11 > 
CTL clones (Table I), were now used as targets for SHR-j£- " 
mediated killing by activated donor PMBC. As is seen in Table 
4, PF-NHL cells and BM-ALL cells were readily lysed in the 
presence of the SHR-I (100ng/ml).jwhte 
seen in the absence of BsAb. Therefore, these (data cohfirrn the' 
-results obtained! with CTL clones. Thedataipreserited in Fig& : $gy% 
/and Table 4 are obtained Trpm different 1 representative:dpno>si^.^" 
In Table 4 cytotoxic actiyity against the EBV^B(APb|ceIl line^i^r!! 
■ included for comparisbriv '\ <^^'? t ^^i» i f ' 
: *- ' Collectively, w these data demonstrate that suitable cytolytic;?}; "| 
; activity could be induced against all target ed js, i.e. cell lines and' 
fresh . leukaemia/lymphoma cells, by "cloned CTL (TCRa/# 
TCR/<5) as well as PHA- or CD3-adivatcd IL-2^xpandccf 
PBMC as effector, cells. Activation with the parental CD3< 
M oAb, the SH L45 . 6 docs not interfere with the SHR-I-' 
1 mediated cytotoxicity and is suitable for activation of PBMC//11 
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9:1 , 27:1, 

' "- , . . E:T ratio „ 

\ Fig- '3. , Acti yation ki netics , of peripheral? blood , mononuclear- ;cel Is/* t 
' "(PBMC) of one representative dohor/CelIs,were activated as indicated 
: for i weeks. The cytotoxic actiyity against the three CDI9 + cell lirici; (a)- . 
. ^alm-6, "(b) APD, (c) CRLI484, was determined jn a 3-5 h 5, .CKrelease 
; assay at ^weekly intervals; with(d)'or without (■) incubation with;] 00 ' 
, ; ng/mi SHR^I . E :T ratios shown are 27 : t'ahd 9: 1 (not on day; The : 
Vthree; bars ^hbwn at each E : T ratio always represent "the following: first \ 
/:bar.P/p^ ( PHA) + 1 L-2 stimulation: second bar.W,; 



■Not determined. 



.•:^ere>imilai,m 

r(HAT6) are suitable inducers of T cell expansion and cytojoxjcV 
activityi (see below). v' '': ' ^ ^ ; " 'X ; 

^ ^HR'lJ-mediqie^ in 
vitro^ activated PBMC. The lytic activity of the in vitro activated 
PBMC was determined I, 2 and 3 weeks after starting the 
cultures (Fig. 3). As found using the target cell lines and CTL 



fV; DISCUSSION • ■■"LV 

In tfestudy a BsAb, SHR-K aCD3/aCD19 was tested in vitro 
* on its efficacy to retarget human T cells to malignant human B 

;.^t The Surface molecule chosen as a target pri the 'effector ceils isr^ 
critical for the activation and anti-tumour effects of this celL ,T ' 
cells are preseht^in tHe.peripheral blood in a'high percentageand: : r ; 
thesetbeils "are^readily, activated- and/or expanded. An . obvious • r 
choice is the tise of aCD3 MoAb which is known to activate all T r( 
cells: 'It; has bfecpme^ ^ cieir'alre^y -that tafgetirig of activated 
CTLsrby.usin^ the?'v 
; lyticrnTOCniri^r^ these Cellcdespite the monovalent bindmg-or > - 
^BsAfe-nS8^SP M ' :i ^ ;i/U ' :A ^ y ;r ^y?r: -* ,fV ^ 

The s^rfac^ r^o to malignant B cells is^ 

theCpj^ 

cies and most A L L are ma 1 igria nt proli feratioris of pre-B celis\ 
(common A LL), all expressing the CD 1 9, antigen [1 ,36]. These. J 

. tumburcclls-arie Considered to represent lymphoid ; c£l!s frozen atv : ': 
ascertain jstagebf/ be/eilatedr.: 

' phenptypicaUy^tb; -thei r • norma! coun terpa rts i n ' the immune ; - 
system. CD l 19 is expressed during almost the complete spectrum, 
of B cell development: during early stages of lymphoid differen- 
tiation (prc-prc-B. prc-B) as wcll as on immature B cells and 
mature B cells: and is gradually lost upon terminal differen- 
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Table 4. Activated peripheral blood mononuclear cells (PBMC) targeted by SHR- 1 bispecific 
antibodies (BsAb) specifically lyse CD 1 9 * Icukaemia/lymphoma B cells 

' "'*'.. ! *. : * Activation protocol . ; ' 



; * ft "" ! - : • V < f air\-*.v.. PHA + IL-2 WT32+.1L-2 -7 SHL45.6 + IL-2 ' *!.. - ' ' •* ' 

: ■.. 7. Pays of. Target M , BsAI> ; , 7 ' r-^ — — -n— '*"'7^7 

r; « ;;,.v - : ( activation ^cells. . ^5^1! .27; IT ij;?:! 27:1 .9;i'' 27; 1 . ' ' ' yli. '. ,7'/* VlTj'JV*''' 

• ' - 7 ; " APD 7 4 " ^ - |4t ND 15 _ND 14' ND ' 

s-'t- 1? 7-',. i * 7" '7 : . + " ' 30 ND 46 ' ND 42' ND v .'^ " 

.^7^. >'^^;;-7 r iNHL-Pf - : * > <y :>■■ ^ /ND * !>.»-Ub>Y ' ND ^Vv v 

77^V^77:7^'' :, ' , 7 ; - ' — :7'^.'V7- ^ ' 6 ; n7Nf>7 ^22..* • 7ND. ■ -. I9 ; ■ ND . ^ 



;ALL-BIvl 7 , >'-^'* f ^ ; 2\"-u7Nb7;\"Xf , 7 i>.l7fip ? * 
: T 7-*;.rH^ - -V 1 .24 7>ND'* ?34'*.". . * ND. 



' v ^ , '- t ;'- v '; :7.fv-"r ■ -.24 -l-ND :34 , ; /ND.;,. 33: , '.ND V^,> 
• 14: f 4. • * APD* j- * ^rfvvi-s 7 1.3 • --775'' ; 14 >/ »s , ; - jo :7 t T 7^.' 



:^™^r^i ft a-^ !..iHHL : PF; ; :,c ! .,^ i ,, r .i,, ... , ? ; . q.;. ,,„.:.<>.. 

U v j.ALL-BM,.,.,,. - . ,,„, ,0.,,-Vr;., • .6 ;6 ; yi ^ : 

+ 32 * 30" 34' • 33' *-3|-* •' *-' l 30 ' ' 

21 APD - 13 4 13 5 18 5 

■ ■ : v'i- ; •••r-v^-t"^;--* 4 :^ - nhl-pf'-""-;-'.l.^t.. :«-- 6 -.^«^*:-^ - ^jviyiwi.-i-?.^. ; • ;,. f ,v ... , 

:-" K . t - . ■ ■ + 43 40 ' 47 42 50 '• * ' 42 

. f ,j . ....... 



7'r K ?7"^-:^-7^.i ■'■^"> ^^77^V':^6! : :h:jj:^-.i7'56 o-::^;^ 7;5V,v r '^ ^7 v ; , ; ■ 7w 

^''s- 1:'^ : 'f';7 v:: 7^7 n; :'f '^7 •• - • ' • " — yf^ ,• ' ■ -^'7;. • :7 7777 ■ 7 ; . v, *'.■ : 

^Ir^'t^i ^V:;^;f;;lVr - - -^^ a — ^<netics>T^BM^ presentea in^dble^ and "^igi t J r iy-Tl^ 



f-r • . t't.,;. 



7 ^-V weredpne with PBL frorn^irTerent donors. Gellstwere activated as indicated for-3 weeks:The77 >7 :"'^/i>;--C^"'l:-V^ 
> 'cytotoxic activity was de^ 
.-- ^ : ., y ^ofanon-Hodgkms lymphoma (NHL) patient^ nd leukaemia ce^ 

(BM) of an active lymphoblastic leukaemia (ALL) patient. As a control on cytotoxic activity " *- V ■ ' r " s t / ; ' 

>: ' ^ ir? 7 'J < . t . . ^ 

>.•*:• '*',■•'»* .- -indicated. Targets: 3 x 1 0 3 cells/well. .* , 7*-,^ ' ■ _ / ,7' 77 ' 7.-V7* \ . - '/.'-i'*' -^^ ' 

7- t: .'{ i) :'.7u;%:.. ■ V^?n^or:targetTatio; p \v:7.. ^ "\'" t -L^v.^/ " ■" * 

; - . ' . t Results expressed as percentage specific 51 Cr release. * ' ' ' 7,7 , ' v«) '| w *^7/ : ^,' 7 

: ND, Not determined, • .',;7 V ' . v ' \V'; ' ^7^- " T }; } ' ''"/^ 

; liatiori to plasma cells' [37-39]! Recently it was shown thai the 'CRLI484 in exhibiting low LFA-f and ICAM- 1 expression. A, 

CD 1 9 antigen is not shed or secreted from the cell surface while recent report has demonstrated that adhesion molecules contri- 

modulation of the v CD I 9 antigen with the bivalent C LB-CD 1 9 bute to the susceptibility of the target cells to CD3 TCR-BsAb- 

- ; vMoAb in vivo did hot necessarily occur [5,6]. In order to obtain ^mediated Jysis [42]..This is ciirrcntly: tested further using fresh - 

7.. immunoreaaivity ' against alf, tumour, ceHs.it if ^ {r human LFA- j V lymphoma B eel Is; • » , 4 i ] ^ ^ 7 - ^ 7 
f : f knbw; whether^ early; cldhogenic cells ;arc'^Dl^;^nd are 7-'?j ( . : -TTic lytic activity oi^W 

ehminatedas welLA rathe^ Jeukacmia/lyjTipHoma cell preparations was also examined * 

.. : follicular^ f taVgetcells.usednndepenc^ 

.'f . when the chrcniosome is exnbsed to iriflWv/flltpraiinnc'^ih'iLti'' ^ h tu*> tor^t ;V,»™ l:iLj 'u.. '.'uJ's*^**')! .:17 r .^Ti2A ■ ,I 'U. - 




the plasmacytoma line (CRL 1484). Using fresh patien^ 0 r indeed destroying them; Ho^Ver 7;7 

material (ALL cells versus NHL cells) these differences were not : the Ec-combi nation of SHR-1. mixed ratlgG2b^rnousclgG j; V v 
seen. Nalm-6 cells differ phenotypically from APD and was previously found not to induce complemeni-mediatedVsis 
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of human T blasts [3 1 J. SHR-I has monovalent specificities for 
both the antigens CD3 and CDI9; in similar complement- 
mediated experiments this bispecific antibody was also found to 
be non-lytic for a CD19' B lymphoma ce|I line [31]. It has also 
..previously been reported that a hybrid Fc with one ratIgG2b in 
," an antibody did not: mediate ADCO(28]. We also found, using 
,NK (CD3-/CDI6*) cells preincubated with SHR-I asefleclor 
cells and the CTL clone DM as target, that no killing of the CTL 
could be mediated (data not shown). Therefore undesired 
, reactivity with Fc receptor-bearing cells apparently may not be a 
major problem with the SHR-I MoAb, 

- Although freshly isolated human T cells show little cytolytic 
activity, T cells become cytotoxic already; after ,1 V<jay 0 f 
.activation in the presence of SHR^I and. B cells or monocytes 
j(unpublished results); We anticipate that a similar activation of 
T cells will occur in r/tvvespecially in Jymph nodes where they . 
a . r e:C!ose, together, We therefore pl^n/toaest. the application of 
this BsAb in vivo without .yjch pretreatment of T cells in vitro. 
. Prior to clmical application in t a phase I study, activation of - 
PBMC obtained from patients in different stages of their disease 
will be tested to determine whether they are still suitable for 
activation., ■« , - v . - , .->*..,... .... 
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